Two field experiments were carried out during the fall seasons of 2014 and 2015 to investigate the main effect of humic acid (0 and 1000 ppm), chitosan (0 and 250 ppm) and NK (0, 25, 50, 75, and 100%) of the recommended rate for the commercial production of potato as well as their various interactions on some vegetative growth characters, tubers yield and its components. The obtained results indicated that increasing the applied level of NK up to 100% constantly increased most of vegetative growth characters (foliage fresh weight, leaf area, plant height, number of main stems and leaf chlorophyll content) and tubers yield and its components (total tuber yield plant -1 and fed -1 and tubers yield of large, medium and small sized plant -1 ). The highest two NK levels (75 and 100 %) didn't, significantly, differ in their effects on most of vegetative traits. Application of humic acid or chitosan produced, significantly, increased growth parameters as well as tubers yield and its components. The most favorable combination treatments that produced the highest mean values of growth and tubers yield as well as yield components were 75 or 100 % NK + humic acid or chitosan, humic acid + chitosan and 75 or 100% NK+ humic acid + chitosan . Therefore, fertilizing potato plants with 75 or 100 % of the recommended dose of NK combined with foliar spray of humic acid and chitosan could be recommended to gain the best results.
INTRODUCTION
The potato (Solanum tuberosum, L.) is a starchy tuberous crop related to family solanaceae. It is considered the most important vegetable crops in the world. In Egypt, the potato crop ranks the fourth in economic importance after wheat, maize and rice. It is, also, the first alternative for grain crops and is used for human consumption and animal feed and as a source of starch, carbohydrates, alcohol and protein. In term of nutrition, potato is known for its higher carbohydrate content, a good source of potassium which is important for a healthy blood pressure and contribute a significant amount of vitamin C which is a powerful antioxidant and important for immune health as well. Egypt, among the top potato exporters globally and ranked the first in Africa. Nutrition either by mineral and/or organic fertilizers is considered the most important agricultural practice which affects the duration of growing period, plant foliage, tubers formation and quality. The necessity of nitrogen (N) and potassium (K) for growth has been demonstrated by several investigators. Nitrogen supply was desirable for vegetative growth, dry matter accumulation and nutrients uptake by potato plants. Potassium is a mobile element in plant tissue and plays an important role in photosynthesis through carbohydrate metabolism, osmotic regulation, nitrogen uptake and translocation of assimilates. It, also, has a role in physiological processes in plant respiration, transpiration, translocation of sugars and carbohydrates and enzyme transformation. Nitrogen and potassium as macronutrients are commonly applied to the soil. Adequate NK percentage leads to maximum tubers yield and quality of potato. In addition, it possible to demonstrate characteristic differences between effect of N-fertilization and varied N-concentrations on tuber yield and composition. Humic acid is known to be among the most bio-chemically active materials found in the soil. It's an affective agent to be used as a complement to synthetic or organic fertilizers. In many instances, regular humic acid presence will reduce the need of fertilization due to the soil's and plant's ability to make better use of it. In some occurrences, fertilization can be eliminated entirely if sufficient organic materials are present which lead to a self-sustaining soil as a result of microbial processes and humus production. In general, increasing certain levels of humic acid have a number of potential benefits for plants; the most important ones are increasing water and nutrients holding capacity, enhancing solubility of phosphorus and increasing potato tubers yield and quality (Selim et al., 2009) . Addition of humic substances with NPK fertilizers resulted in a lesser leaching of N and K to a deeper soil layer and higher available P leading to enhancement of tubers yield, quality and nutritional status of potato organs. On the other hand, Ahmed (2012) found that applied humic substances to the soil can increase irrigation and nutrition efficiency and plays a considerable role in increasing plant resistance against common potato diseases. Chitosan belongs to the carbohydrate family which contains ungratified chains formula. Chitosan is originally formulated from the glucose circle and contains a group of free amino on carbon atom number 2 (called glucose amino) which is similar to cellulous. It is obtained by alkaline deacetylation of chitin extracted from exoskeleton of crustaceans such as shrimps and crabs, as well as, from the cell walls of some fungi (Badawy et al., 2011) . Researches indicated that chitosan can be used to enhance plants' growth and fruit yield and has been used in several applications in the agricultural field (Sheikha et al., 2011) . Chitosan, also, enhances the plant defense and is used for controlling potato diseases and improving yield and quality (Halina, 2008, a, b) .
Therefore, the scope of the present study is to identify the main and interaction effects of foliar application of humic acid and chitosan under different of NK levels on morphological traits and tubers yield and its components.
MATERIALS AND METHODS
Two field experiments were carried out during the fall seasons of 2014 and 2015 at El-Rowysat, ElHamam district, Matrouh Governorate, Egypt. These experiments aimed to investigate the effect of different treatments of humic acid and chitosan under various levels of nitrogen and potassium on vegetative growth and tubers yield and its components of potato cv. Agila.
Preceding the initiation of each experiment, soil samples at 25 cm depth were collected and analyzed for some physical and chemical properties of the experimental site according to the published procedures described by Black (1965) . The results of these analyses are listed in Table 1 .
Five levels of mineral NK fertilizer of the recommended rate for commercial production of potato (0, 25, 50, 75 and 100%) were used. The recommended of N and K 2 O for potato production were 150 and 75 Kg fed -1 , orderly. The respective N and K sources were ammonium nitrate (33.5 % N) and potassium sulfate (50% K 2 O). The nitrogen fertilizer was applied at three equal portions starting from 5 th weeks after planting and at two weeks interval. Potassium fertilizer was side banded at two equal applications at the beginning of tuber formation and again at two weeks later. Humic acid at two concentrations (0 and 1000 ppm) was used which were applied at four times; the first one was done as a soil application after two weeks of planting and the three reminder applications were foliar sprayed starting after six weeks from planting at two weeks interval. Pure chitosan at two concentrations (0 and 250 ppm) was used which were foliar applied at four times starting from seven weeks after planting then at two weeks interval. Each experiment included twenty combination treatments in total.
The experimental layout was a split-split plots based on Randomized Complete Blocks design with three replications. The five levels of NK fertilization were randomly arranged in the main plots and two humic acid concentrations were randomly occupied in the sub-plots while, the two chitosan concentrations were randomly allocated in the sub-sub plots. ) during the preparation of experimental site. The first row was saved for vegetative growth characters while, the 2 nd and 3 rd rows were allocated for tubers yield and its components. The harvested plot area was 5.6 m 2 . All agricultural practices such as irrigation, cultivation, diseases and pests control were carried out whenever it was necessary according to the commercial production of potato.
Data Recorded Vegetative growth characters
Five random plants from each plot were taken after 70 days of planting and the following data were recorded; plant height (cm), number of leaves and main stems, foliage fresh weight (gm), Leaf area (cm 2 ) and leaf chlorophyll content plant -1 (mg/100g FW) 
Tubers yield and its components
At harvest time, the following measurements was recorded; total tubers yield; all harvested tubers from each sub-sub plot were weighed and converted into tones fed -1 , average tubers yield plant -1 ; calculated as average tubers weight of ten random plants from each experimental unite and tubers size (grading) plant -1 ; all harvested tubers plant -1 was sorted into three sizes; large tubers (>60 mm in dimeter), medium tubers (46-60 mm in dimeter) and small tubers (<46 mm in diameter). Each size was weighted.
Statistical analysis
Appropriate analysis of variance, on obtained data, according to the statistical design was performed. New Least Significant Difference (AlRawi and Kalf-Allah, 1980) was utilized to verify difference between treatment means.
RESULTS AND DISCUSSION

Vegetative growth characters
The results shown in Tables 2-6 illustrated the main and different order interactions of NK fertilizer, humic acid and chitosan on the studied vegetative growth characters of potato plants, in the two growing seasons.
The results in Table 2 indicated, generally, that increasing applied NK level, up to 100 % of the recommended rate, progressively and significantly, increased canopy fresh weight, leaf area and leaf chlorophyll content plant -1 . The highest two NK levels (75 and 100 %) didn't, significantly, differ in their effect on foliage fresh weight plant -1 . Meanwhile, number of main stems and plant height didn't, significantly, respond to NK levels, in the two seasons. The highest number of leaves plant -1 was recorded on plants fertilized with NK at 100% level in the 2 nd season. The results revealed, also, that treated-humic acid plants, significantly, increased mean values of all studied vegetative growth parameters as compared with untreatedhumic acid plants (control). Moreover, foliar spray with chitosan, significantly, increased number of leaves, canopy fresh weight, leaves area and leaf chlorophyll content plant -1 meanwhile, number of stems and stature plant -1 didn't, significantly, respond to chitosan treatments. Table 3 and 4 showed the influence of 1 st order interactions between any two studied factors on vegetative growth features, in the fall seasons of 2014 and 2015. Regarding the interaction effects between NK levels and humic acid concentrations, the results showed that, increasing the levels of applied NK to treated-humic acid plants, significantly, increased the studied growth characters, but with different magnitudes. The greatest mean values of all studied characters were, generally, recorded from plants fertilized with 75 or 100 % NK levels combined with foliar application of humic acid at 1000 ppm. Concerning the interaction effects between NK levels and chitosan concentrations, the best treatment combination that produced the highest, significant, mean values in plant height, foliage fresh weight, leaf area, number of leaves and main stems and leaf chlorophyll content plant -1 appeared to be those involved NK fertilization rate of 75 or 100 % of the recommended dose together with the foliar application of chitosan at 250 ppm. Regarding the interaction between humic acid and chitosan concentrations, results revealed, generally, that the potato treated plants with humic acid and chitosan at 1000 and 250 ppm, orderly produced the highest mean values of all studied vegetative growth characters. However, foliar application of chitosan at 0 and 250 ppm together with humic at 1000 ppm didn't, significantly, differ in their effects on number of main stems and leaves plant -1 , during 2015 season .
The results concerning the effect of the 2 nd order interaction among the three studied factors on vegetative growth characters were shown in Tables  5-6 . Comparisons among the means of various combination treatments, generally, illustrated the presence of some, true, interaction effects, in both seasons. The results, generally, indicated that increasing the levels of applied NK fertilizer combined with foliar application of humic acid and chitosan, significantly and progressively, increased canopy fresh weight, leaves area and chlorophyll content plant -1 compared to those of untreated with humic acid and chitosan treatments. The results, also, showed that the highest mean values of number of leaves and main stems as well as plant stature were recorded from the plants fertilized with NK at 75 or 100 % of the recommended rate combined with humic acid and chitosan foliar spraying.
The stimulation effect of applying N on vegetative growth characters of potato plants may be attributed to the well-known functions of N in plant life. Being a part of protein is an important constituent of protoplasm, as well as enzymes, the biological catalytic agents, which speed life possesses, have N as the major constituents. Moreover, N involves in many organic compounds of plant system. A sufficient supply of various nitrogenous compounds is therefore, required in each plant cell for its proper functioning (Mengel and Kirkby, 1987, Anabousi, et al 1997; and Ahmad, et al 2009) . Also, nitrogen fertilizer increased the leaf area which increases the amount of solar radiation intercepted and consequently, increases dry matter production of different plant parts (Krishnappa et al., 1989) . These results are in close agreement with the findings of (Pervez et al., 2013, and Bourke, 1985) . Ghasemi et al. (2012) reported that the highest leaf area, plant height, shoot dry weight, and number of leaves were found with the application of 200 kg/ha of nitrogen fertilizer application treatments. Potassium promotes photosynthesis and transport assimilates of the carbohydrates to the storage organs. These results are in agreement with those of by Marschner (1986) and Sarrwy et al., (2010) who recorded that application of potassium, improved the chlorophyll. These results are in agreement with previous investigation illistrated by Zhang et al., (2002); Lin and Danfeng (2003) . They found that increasing in vegetative growth, net photosynthetic rate; potassium content and chlorophyll content were associated with enhancement of potassium levels.
The present results of vegetative growth are in accordance to Abdel Fatah et al., (2008) , who observed that application of humic acid improved growth parameters. The favorable effect of humic acid may be related to its action on increasing hormonal growth responses (Poapst et al., 1971; Vaughan, 1974) .
The significant effect of chitosan on plant growth may be attributed to an increase in the enzyme activities of nitrogen metabolism (nitrate reductase, glutamine synthetase and protease) and increased photosynthesis which improve the plant growth (Gornik et al., 2008; Mondal et al., 2012) . also, chitosan induce to synthesize plant hormones such as gibberellins. Furthermore, it enhances growth by some signaling pathways related to auxin biosynthesis via a tryptophan in dependent pathway (Uthairatanakij et al., 2007; El-Bassiony et al., 2014) . Also, may be due to an increase in the availability and uptake of water and essential nutrients through adjusting cell osmotic pressure by increasing antioxidants and enzyme activities (Guan et al., 2009) .
Tubers yield and its components
Data arranged in Tables 7 -9 illustrated the main and different order interactions of the three studied factors on tubers yield and its components, in the two growing seasons.
Results in Table 7 show the main effects of the three studied factors. Increasing NK % up to 100 % of the recommended dose led to, progressive and significant, increases in tubers yield plant -1 or fed -1 and weight of large and medium sized tubers plant -1 . The highest two NK % didn't, significantly, differ in their effect on tubers yield fed -1 , in the 1 st season and tubers yield of both medium and small tubers size.
On the other hand, tubers yield of small sized plant -1 didn't, significantly, respond to different NK rates, in the 2 nd season. Humic acid application, significantly, produced higher tubers yield plant -1 or fed -1 and three categories of tubers size than the untreated plants. Moreover, foliar application of chitosan, truly, increased tubers yield plant -1 or fed -1 and the heaviest weigh of medium sized tubers compared to control. The same trend was noticed concerning the yield of small size category in the first season. Meanwhile, the yield of large tubers didn't respond to chitosan treatments in the two seasons. Table 8 reflects the effects of 1 st order interactions between any two studied factors on tubers yield and its components, in both seasons. Increasing NK applied rate up to 100% of the recommended dose combined with humic acid at 1000 ppm, significantly and constantly, increased tubers yield plant -1 as compared to plants without treating of humic acid at any NK rate. Again, increasing NK applied level from 50 to 100% together with humic acid at 1000 ppm, truly, increased tubers yield fed -1 as compared to untreated plants of humic acid. Application of NK at 100% of the recommended dose together with humic acid at 1000 ppm recorded the highest, intrinsic, mean value of large and medium sized tubers plant -1 whilst, the application of NK at 50% combined humic acid at 1000 ppm gained the highest small sized tubers plant -1 . The interaction between NK application at 100 % and foliar spray of chitosan at 250 ppm resulted, significantly, in the highest mean values of tubers yield plant -1 and fed -1 , large and medium sized tubers plant -1 meanwhile, the combination treatment of NK and chitosan at 0 % and 0 ppm, respectively recoded the lowest mean value of small sized tubers plant -1 , in both seasons with few exceptions. The effect of the interaction between humic acid and chitosan on tubers yield and its components was intrinsic. The highest mean magnitudes of tubers yield plant -1 and fed -1 , categories of large, medium and small sized tubers plant -1 were achieved due to the interactive treatment of humic acid at 1000 ppm + chitosan at 250 ppm.
The impact of 2 nd order interaction among the three variables on tubers yield and its components was intrinsic, in both seasons (Table 9) . Comparisons among the twenty mean values displayed that the growing potato plants fertilized with NK at 75 and/or 100% of the recommended NK rate and treated with humic acid at 1000 ppm and foliar sprayed with chitosan at 250 ppm recorded the highest, significant, mean value of tubers yield plant -1 and fed -1 , yield of large and medium sized tubers plant -1 . Meanwhile, yield of small tubers plant -1 attained the highest mean value with the application of NK at 50% + humic acid at 1000 ppm + chitosan at 250 ppm, in the 1 st season and NK at 0% + humic acid at 1000 ppm + chitosan at 250 ppm, in the 2 nd season.
The beneficial application effect of NK at adequate rate on total tubers yield and its components could be related to the role of N in activating the vegetative growth parameters (Table 2 -4). It's also, possible that sufficient quantity and perhaps the efficient absorption of N coupled together leads to more photosynthesis required for tubers formation. In addition, such increment in tuber yield may be due to the essential role of K in synthesis of carbohydrate necessary for formation and development of the tubers (Widdoson et al., 1974) . Brouk (1985) reported that K application, positively affected the tubers yield of sweet potato via increasing the proportion of dry matter diverted from the foliage to the underground tuberous roots. The research results are agreement with many researchers who recorded an increase of potato tubers yield as a result of increasing the levels of potassium (K) fertilization. Such increases in tubers yield of potato was due to either formation of large size tubers or increasing of the number of tubers plant -1 or both (El-Gamal, 1989 ). Several investigators came to similar conclusion (AL-Moshileh and Errebi, 2004; Misgina et al., 2016; Haddad et al., 2016) .
Humic acid application was a good indicator of plant activation due to increased soil moisture content and nutrient availability, more number of stolons and taller length tuber -1 (Mahmoud and Hafez, 2010) . Similar results were reported by Erik et al. (2000) and Samy et al. (2015) . The increase in yield parameters might be due to beneficial effect of humic acid on plant foliage further than increase in tuber number /plant and tuber weight which reflect positively on increase of total yield. Humic acid act as bio stimulant induced hormonal activity of plant releasing different auxin types which in regulating plant growth Jensen (2004) .
The enhancement effect of chitosan on yield potential might be due to chitosan have the simulative effect on physiological processes and improved the transportation of nitrogen in the functional leaves which improved vegetative growth and development (Chibu and Shibayama, 2003; Gornik et al., 2008) . These results are agreeable with those recorded by Mondal et al. (2012) 
